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ABSTRACT: 

PROBLEM TO BE SOLVED: To enable to reduce the readout voltage by 
signal 

charge which is read from each photoelectric transfer device, and to 
reduce the 

power consumption of a solid-state image-pickup device. 

SOLUTION: A solid-state image-pickup device 100 is provided with a 
semiconductor substrate 11, on which plural HAD (hole accumulate 
diode) sensors 

Dll-Dlm, Dnm, etc., are placed two-dimensionally , a substrate bias 
generating 

circuit 12 which supplies substrate voltage Vsub to the semiconductor 
substrate 

11, vertical CCD ( charge-coupled device) parts Vl-Vn which read signal 
charge 

from a HAD sensor Dnm of the semiconductor substrate 11 and transfer 
it in the 

vertical direction, a charge storing parts Al-An which store a signal 
charge 

that is vertically transferred, a horizontal CCD 13 which transfers 
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the signal 

charge from the charge storing parts Al-An in the horizontal 
direction and a 

charge detector 14 which outputs the signal charge which is 
transferred 

horizontally. When the signal charge is read from the HAD sensor to 
the 

vertical CCD, a substrate voltage which is lower than that when no 
signal 

charge is read from the HAD sensor is applied to the semiconductor 

substrate 

11 . 
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BASIC-ABSTRACT: 

NOVELTY - Vertical CCD portions (Vl-Vn) enable reading a signal 
electric charge 

from photoelectric transducers (Dll-Dlm, Dnl-Dnm) of two-dimensional 
shape on a 

semiconductor substrate (11), and send it to perpendicular direction. 
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A bias 

generator circuit (12) supplies a low voltage to the substrate when 
reading the 

signal electric charge from photoelectric transducers, otherwise, a 
high 

voltage is supplied. 

USE - For charge-coupled device image pick-up apparatus. 

ADVANTAGE - Attains reduction of power consumption of solid-state 
image pick-up 

device since low voltage is supplied to substrate when reading of 
signal 

electric charge. DESCRIPTION OF DRAWING ( S ) - The figure shows the 
component 

block diagram of a solid-state image pick-up device. (11) 
Semiconductor 

substrate; (12) Bias generator circuit; ( Dl 1-Dlm, Dnl-Dnm) 
Photoelectric 

transducers; (Vl-Vn) Vertical CCD portions. 
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[Document Name] Description 



[Title of the Invention] Solid imaging device 



[Claim(s 



[Claim 1] The semiconductor board which has arranged two or more photoelectrical conversion elements in 
the shape of two dimensions, and the voltage feed section which supplies the voltage for substrate bias to 
said semiconductor board, Have the electric charge transmission part which reads a signal electric charge 
from the photoelectrical conversion element of said semiconductor board to which the voltage by said voltage 
feed section was impressed, and is transmitted in the predetermined direction, and [ said voltage feed 
section ] It is the solid imaging device characterized by being made as [ impress / compared with the voltage 
when not reading a signal electric charge from said photoelectrical conversion element / at least when reading 
a signal electric charge from said photoelectrical conversion element to said electric charge transmission 
part / to said semiconductor board / low voltage ]. 



[Claim 2] It is the solid imaging device according to claim 1 characterized by dropping the voltage which is the 
case where said semiconductor board, an electric charge transmission part, and a voltage feed section are 
prepared, and was supplied to said semiconductor board immediately after the standup of the drive pulse 
which said voltage feed section permits read-out of the signal electric charge to said electric charge 
transmission part. 
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[Claim 3] The resistance for voltage division which said voltage feed section divides power supply voltage, 
and generates the voltage for substrate bias, The solid imaging device according to claim 1 characterized by 
having the transistor which adjusts said voltage based on the clock signal for voltage control, and the 
resistance which draws in current by ON operation of said transistor. 



[Detailed Description of the Invention] 



[0001] 



[Field of the Invention] This invention is applied to CCD imaging devices which have arranged two or more 
photoelectrical conversion elements in the shape of two dimensions, such as a frame transfer method, an 
interline transfer method, and a frame interline transfer method, and relates to a suitable solid imaging device. 



[0002] When supplying the voltage for substrate bias to the semiconductor board which has arranged the 
photoelectrical conversion element in detail and reading a signal electric charge from a photoelectrical 
conversion element While enabling it to fall the read-out voltage by the signal electric charge read from each 
photoelectrical conversion element, it enables it to reduce the power consumption of the solid imaging device 
concerned, as low voltage is impressed to a semiconductor board compared with the voltage when not 
reading the signal electric charge. 



[0003] 



[Description of the Prior Art] The case where a video camera and a digital still camera are used at a school, a 
home, a broadcasting station, etc. in recent years has increased. A solid imaging device is indispensable with 
this kind of camera. A solid imaging device arranges the CCD (Charge Coupled Device: charge coupled 
device) image sensor as a photoelectrical conversion element in the shape of two dimensions. Here, a CCD 
image sensor means the semiconductor device of structure which put in order regularly the unit element child 
who consists of a photo-diode, a MOS capacitor, etc. The solid imaging device has the function which moves 



)://dossier2.ipdl.inpit.go.ip/cgi-bin/tran_w^ 10/2/2008 



Page 3 of 15 



** and the lump of a certain electric charge accumulated in the semiconductor board surface along with the 
row of the electrode of a MOS capacitor. 



[0004] That is, the solid imaging device has two or more photo-diode (CCD sensor), MOS capacitors, 
perpendicular CCDs, level CCDs, electric charge primary detecting elements, etc. on the semiconductor 
board. And if the acceptance surface of a solid imaging device is irradiated, after the light is changed into a 
signal electric charge by the photo-diode, the signal electric charge will be accumulated in a MOS capacitor. It 
is transmitted by perpendicular CCD and level CCD, and a signal electric charge is detected by the electric 
charge primary detecting element of the last stage, and the signal electric charge accumulated in the MOS 
capacitor serves as an analog image pick-up signal, and is read. In order to perform smoothly such 
photoelectrical conversion, accumulation of a signal electric charge, transmission, and detection, the voltage 
for substrate bias (henceforth substrate voltage) is supplied to the semiconductor board. 



[0005] Drawing 6 is the figure showing the example of composition of the substrate bias generating circuit 1 of 
this kind of solid imaging device. The substrate bias generating circuit 1 has the resistance R1 and R2 for 
voltage division. One end of resistance R1 is connected to the power supply line VCC, and the other end is 
connected to one end of resistance R2. The other end of resistance R2 is connected to the earthing 
conductor GND. The substrate voltage Vsub is pulled out from a series connection point p1 of resistance R1 
and R2, and is supplied to the semiconductor board which has arranged the photo-diode which is not 
illustrated, the MOS capacitor, perpendicular CCD, level CCD, the electric charge primary detecting element, 
etc. The substrate bias terminal 2 is formed in the series connection point p1 of the resistance R1 and R2 for 
voltage division, the resistance R0 for external which is about several Mohms is connected, and except when 
performing an electronic shutter function, the substrate voltage Vsub is being fixed. 



[0006] 



[Problem to be solved by the invention] By the way, according to the conventional method, the unit element 
child itself is becoming very small by the miniaturization of a solid imaging device, and many pixel-ization. For 
this reason, there are the following problems. ** If the size of a CCD image sensor becomes small, substrate 
voltage for reading a signal electric charge from CCD sensors, such as a photo-diode, to perpendicular CCD 
must be made high. Although this miniaturizes a horizontal width of 1 pixel of the acceptance surface of a 
solid imaging device, it is because the reduction to the depth direction of a substrate can seldom be expected. 
** Moreover, when it is going to drop the read-out voltage by the signal electric charge for reading to 
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perpendicular CCD in process, there is a possibility that the margins to blooming may run short. Here, 
blooming means the phenomenon which the white line of the picture of a photographic subject with high 
luminosity runs up and down. This phenomenon is produced in order to mix the signal electric charge which 
overflowed without the ability accumulating by the photo-diode which received a strong light in the signal 
electric charge transmitted by perpendicular CCD. As for such a phenomenon, the fault on the process of a 
CCD image sensor (henceforth a photoelectrical conversion element) results. It is thought that it generates 
since overflow potential phiOFB of a photo-diode and channel potential phiROG of the read-out gate of 
perpendicular CCD are reversed. ** If read-out voltage of the signal electric charge read to perpendicular 
CCD is made high as this measure against blooming, a margin is securable, but power consumption will 
increase systematically shortly. 

[0007] Then, this invention is created in view of the above-mentioned technical problem, and while enabling it 
to fall the read-out voltage by the signal electric charge read from each photoelectrical conversion element, it 
aims at offering the solid imaging device which enabled it to reduce power consumption. 

[0008] 

[Means for solving problem] The semiconductor board in which the technical problem mentioned above has 
arranged two or more photoelectrical conversion elements in the shape of two dimensions, It has the electric 
charge transmission part which reads a signal electric charge from the photoelectrical conversion element of 
the semiconductor board to which the voltage by the voltage feed section which supplies the voltage for 
substrate bias to this semiconductor board, and this voltage feed section was impressed, and is transmitted in 
the predetermined direction. A voltage feed section is solved with the solid imaging device characterized by 
being made as [ impress / compared with the voltage when not reading a signal electric charge from a 
photoelectrical conversion element / to a semiconductor board / low voltage ], at least when reading a signal 
electric charge from a photoelectrical conversion element to an electric charge transmission part. 

[0009] According to this invention, when reading a signal electric charge from a photoelectrical conversion 
element to an electric charge transmission part, compared with the voltage for the substrate bias when not 
reading the signal electric charge, low voltage is impressed to a semiconductor board from a voltage feed 
section. Therefore, since a part of signal electric charge when reading from each photoelectrical conversion 
element to an electric charge transmission part can be missed to the semiconductor board side, the read-out 
voltage by the signal electric charge can be reduced. Thereby, the power consumption of the solid imaging 
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device concerned can be reduced because the read-out voltage by the signal electric charge at the time of 
electric charge read-out falls. 



[0010] 

[Mode for carrying out the invention] The form of implementation of this invention is explained hereafter, 
referring to Drawings. Drawing 1 is the block diagram showing the example of composition of the solid 
imaging device 100 as an embodiment of this invention. 

[001 1] When supplying the voltage for substrate bias to the semiconductor board which has arranged the 
photoelectrical conversion element and reading a signal electric charge from a photoelectrical conversion 
element to it in this embodiment While enabling it to fall the read-out voltage by the signal electric charge read 
from each photoelectrical conversion element, it enables it to reduce the power consumption of the solid 
imaging device concerned, as low voltage is impressed to a semiconductor board compared with the voltage 
when not reading the signal electric charge. 

[001 2] The solid imaging device 1 00 of this invention has the semiconductor board 1 1 shown in drawing 1 , 
and image pick-up field (acceptance surface) (1) and shading field (2) are classified on this semiconductor 
board 1 1 . The portion surrounded with the dashed line by this image pick-up field (1 ) is the unit element child 
50 who constitutes 1 pixel. Drawing 4 explains the unit element child's 50 cross-sectional constructional 
example. 



[0013] Two or more photoelectrical conversion elements are arranged in the shape of two dimensions at 
image pick-up field [ on this semiconductor board 11 ] (1). for example, in applying the solid imaging device 
100 to a FIT (Frame Interline Transfer) method A P+NPN type hole AKYUMU rate diode (Hole Accumulaited 
Diode: henceforth a HAD sensor) is used as a photoelectrical conversion element, this solid imaging device 
100 - a total - when it constitutes from a mxn (m=1-m, n=1-n) pixel, HAD sensor D1 1-D1m of m pieces is 
formed perpendicularly -- these HAD sensors D1 1-D ~ horizontally, 1m is located in a line n rows, and is 
formed. The light which entered into this image pick-up field (1) is accumulated in a MOS capacitor which is 
explained by drawing 4. 



>://dossier2.ipdl.inpit.go.jp/cgi-b^ 10/2/2008 



Page 6 of 15 



[0014] The substrate bias generating circuit 12 is formed in this semiconductor board 1 1 as a voltage feed 
section, and the voltage for substrate bias (henceforth the substrate voltage Vsub) is supplied to the 
semiconductor board 11. [ this example / the substrate bias generating circuit 12 ] at least when reading a 
signal electric charge from the HAD sensor Dnm to an electric charge transmission part It is made as 
[ impress / compared with substrate voltage Vsubl when not reading a signal electric charge from the HAD 
sensor Dnm / to the semiconductor board 1 1 / low substrate voltage Vsub2 ]. Drawing 2 explains the example 
of an internal configuration of the substrate bias generating circuit 12. 



[0015] The perpendicular CCD sections V1-Vn of n sequence are formed in the perpendicular direction of this 
semiconductor board 1 1 in the shape of a lattice as an electric charge transmission part. A signal electric 
charge is read from each HAD sensor D1 1 -D1 m of the semiconductor board 1 1 which impressed the 
substrate voltage Vsub, D21-D2m...Dn1 - Dnm, and the signal electric charge is perpendicularly transmitted 
based on a transfer clock signal. The clock signal of 2 **, 4 **, and 6 ** etc. is used for the transfer clock 
signal in this case. 



[0016] Moreover, the electric charge accumulation parts A1-An are formed in shading field [ on the 
semiconductor board 1 1 ] (2), each output stage of the perpendicular CCD sections V1-Vn is connected to 
these electric charge accumulation parts A1-An, and it is made as [ accumulate / the signal electric charge by 
the perpendicular CCD sections V1-Vn ]. The level CCD section 13 is connected to these electric charge 
accumulation parts A1-An as an electric charge transmission part, and the signal electric charge by the 
electric charge accumulation parts A1-An is horizontally transmitted to them based on a transfer clock signal. 
The electric charge primary detecting element 14 is connected to the output stage of this level CCD section 
13, and the signal electric charge by the level CCD section 13 is detected. Amplifier 15 is connected to the 
output stage of the electric charge primary detecting element 14, and the analog image pick-up signal Sout 
after signal electric charge detection is amplified. The analog image pick-up signal Sout after this amplification 
is outputted to circumference circuits, such as an external signal-processing circuit, from the output terminal 
16. 



[0017] Drawing 2 is the circuit diagram showing the example of an internal configuration of the substrate bias 
generating circuit 12. The substrate bias generating circuit 12 shown in drawing 2 has three resistance R1-R3 
and one transistor Tr. 



[0018] One end of resistance R1 is connected to the power supply line VCC, and the other end is connected 
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to one end of resistance R2. The other end of resistance R2 is connected to the earthing conductor GND. The 
substrate voltage Vsub divides power-supply-voltage VCC-GND, is generated, and is pulled out from a series 
connection point p1 of resistance R1 and R2. This substrate voltage Vsub is supplied to the semiconductor 
board 1 1 which has arranged the HAD sensor D11-D1m [ which was shown in drawing 1 ], D21-D2m...Dn1 - 
Dnm, and perpendicular CCD sections V1-Vn, the level CCD section 13, the electric charge primary detecting 
element 14, etc. 



[0019] The n type field effect transistor Tr is connected to the series connection point p1 of the resistance R1 
and R2 for voltage division, for example. In this example, the substrate voltage Vsub at the time of signal 
electric charge read-out is adjusted as a clock signal for voltage control based on electronic shutter control 
pulse phiVsub, for example. For this reason, the drain of Transistor Tr is connected to the series connection 
point p1, and that source is connected to the end of resistance R3. Electronic shutter control pulse phiVsub is 
supplied to the gate of Transistor Tr. 



[0020] comparing this resistance R3 with the external resistance R0=1Momega grade of the conventional 
method -- 1/10-1/- low 100. ..several steps - several - it is a number of 10Kohm- 100Kohm unit. The other 
end of resistance R3 is connected to an earthing conductor GND. In this example, if high-level electronic 
shutter control pulse phiVsub is inputted into the gate of Transistor Tr, Transistor Tr turns on. Since current 
flows into resistance R3 by this ON operation, the substrate voltage Vsub can be dropped. 



[0021] Next, operation at the time of signal electric charge read-out of the substrate bias generating circuit 12 
is explained. Drawing 3 A is the pulse shape figure of read-out clock signal phiSG, drawing 3 B is the wave 
form chart of the substrate voltage Vsub, and drawing 3 C is the pulse shape figure of electronic shutter 
control pulse phiVsub. In this example, the substrate voltage Vsub supplied to the semiconductor board 11 is 
dropped by the substrate bias generating circuit 12 immediately after the standup of read-out clock signal 
phiSG. Read-out clock signal phiSG in this case is a drive pulse which carries out read-out permission of a 
signal electric charge to the perpendicular CCD sections V1-Vn from HAD sensor D1 1-D1m, D21-D2m...Dn1 - 
Dnm. 



[0022] Usually, the substrate voltage of the semiconductor board 1 1 is made as [ fix / to Vsubl / in DC ]. 
When using a high-speed electronic shutter, in order to sweep and throw away HAD sensor D1 1-D1m, D21- 
D2m...Dn1 - the signal electric charges of Dnm into the semiconductor board 1 1 all at once by timing (1) 
shown in drawing 3 B It is made as [ impress / substrate voltage Vsub3 / higher than usual substrate voltage 
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Vsubl ]. 



[0023] In this example, if it reads by tinning (2) shown in drawing 3 A and clock signal phiSG rises, electronic 
shutter control pulse phiVsub will rise from a low level high-level immediately after that standup by timing (3) 
shown in drawing 3 C. The transistor Tr which inputted this electronic shutter control pulse phiVsub is turned 
on. Substrate voltage Vsub2 [ lower than usual substrate voltage Vsubl ] at timing (4) shown in drawing 3 B 
come to be impressed to the semiconductor board 1 1 by this ON operation. That is, the current by a surplus 
signal electric charge can be compulsorily drawn into resistance R3, and this current can be made to 
consume by resistance R3 by ON operation of Transistor Tr. The substrate voltage Vsub can be dropped by 
the result. In this example, substrate voltage Vsubl shown in drawing 3 B, Vsub2, and Vsub3 are the 
absolute potential from an earthing conductor GND, and they have the relation of Vsub2<Vsub1<Vsub3. 



[0024] Therefore, HAD sensor D1 1-D1m which is carrying out capacitive coupling to the semiconductor board 
11 at the time of read-out of a signal electric charge, The potential of D21-D2m...Dn1 - Dnm also becomes 
shallow, and As a result, each HAD sensor D1 1-D1m, D21-D2m...Dn1 - Dnm, When the fringing electric field 
between the perpendicular CCD sections V1-Vn becomes high The signal electric charge read from HAD 
sensor D1 1-D1m, D21-D2m...Dn1 - Dnm to the perpendicular CCD sections V1-Vn can be lessened, and 
read-out voltage by this signal electric charge can be low-voltage-ized. 



[0025] In addition, since he is trying to impress substrate voltage Vsub2 [ lower than usual substrate voltage 
Vsubl ] to the semiconductor board 1 1 even when the light of excessive intensity is received at the time of 
read-out of a signal electric charge, some signal electric charges can be missed to the semiconductor board 
1 1 . As a result, since the signal electric charge which overflowed without the ability accumulating by the HAD 
sensor Dnm which received a strong light can avoid being mixed with the signal electric charge transmitted in 
the perpendicular CCD sections V1-Vn, blooming which the up and down white line of the picture of a 
photographic subject what is called with high luminosity runs can be suppressed. 



[0026] (Work example) Drawing 4 is the sectional view showing the constructional example of the unit 
element child 50 who consists of one HAD sensor 20, read-out gate 30, and perpendicular CCD40 used with 
the solid imaging device 100. In the range which the relation between overflow potential phiOFB and read-out 
potential phiROG of perpendicular CCD does not reverse in this example by dropping the substrate voltage 
Vsub at the time of read-out of a signal electric charge (phi OFB<phi ROG) Abnormal conditions (it is made 
shallow) are given to the potential of the HAD sensor 20. That is, low-voltage-ization of the substrate voltage 
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Vsub is attained to the grade which can secure minimum read-out voltage required for transmission of a 
signal electric charge. 

[0027] As for the unit element child 50 who uses it with the solid imaging device 100 shown in drawing 4, the 
N type silicon substrate 21 is used as a semiconductor board. P type which demarcates image pick-up field 
(1), shading field (2), etc. which were shown by drawing 1 to the silicon substrate 21 -- a well -- the layer 22 is 
formed. P type -- a well -- after a layer 22 diffuses P type impurities in the silicon substrate 21 , it is formed by 
giving heat treatment etc. 



[0028] this P type -- a well -- P type for perpendicular CCD in a layer 22 - a well - while a layer 23 is formed - 
- this P type - a well - the N type impurity diffused layer 24 used as an active layer is formed in the layer 23. 
After the N type impurity diffused layer 24 diffuses N type impurities, it is formed by giving heat treatment etc. 
P type with which the N type impurity diffused layer 24 was formed - a well -- while the silicon oxide film 29 
used as gate oxide is formed on a layer 22, on this silicon oxide film 29, the polysilicon film 31 used as a gate 
electrode or a transmission electrode is formed. 



[0029] In this example, in order to form the read-out gate 30, the polysilicon film 31 is formed so that the top 
field of the N type impurity diffused layer 24 may be overflowed into right-hand side, in order that 
perpendicular CCD40 may transmit a signal electric charge perpendicularly to space -- P type - a well -- a 
layer 23 and one pair of N - an n type field effect transistor is constituted by the impurity diffused layer 24 of 
type, for example. 



[0030] moreover, P type - a well - it reads in a layer 22 and faces across a gate 30 - as - N type for HAD 
sensors - a well - the layer 25 is formed, this - this N type - a well - in the layer 25, the P+ type impurity 
diffused layer 26 used as an active layer is formed. Of course, the silicon oxide film 29 is formed also on the 
P+ impurity diffused layer 26 of type, this P+ type impurity diffused layer 26 and N type -- a well -- a layer 25 
and P type - a well - ****** from which a P+NPN type photo-diode is constituted by a layer 22 and the N type 
silicon substrate 21 , and the HAD sensor 20 of one unit is constituted, in addition, the read-out gate 30 -- P 
type - a well -- making a layer 22 into a channel field - the impurities diffusion 24 of N type for perpendicular 
CCD, and N type for HAD sensors - a well - it is constituted by the n type field effect transistor which used 
the polysilicon film 31 as the gate electrode while sharing a layer 25. 
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[0031] P type for perpendicular CCD at this example ~ a well ~ [ the channel stopper layer 27 is formed in the 
left-hand side of a layer 23, and ] N type for HAD sensors ~ a well ~ the channel stopper layer 28 is formed in 
the right-hand side of a layer 25, and element separation is carried out from the HAD sensor 20, 
perpendicular CCD40, etc. which constitute other unit pixels which adjoin this unit element child 50. 



[0032] Furthermore, on the polysilicon film 31 , it is formed so that the silicon oxide film 32 as an interlayer 
insulation film may cover the whole substrate. On the silicon oxide film 32, while being used for signal wiring 
of a transfer clock signal etc., the aluminum film 33 which functions also as a light-shielding film is formed 
alternatively. The aluminum film 33 is not formed in the portion which serves as the window part 34 of the 
HAD sensor 20 on the silicon oxide film 32. This window part 34 is a portion which enters the light from a 
photographic subject in the P+ type impurity diffused layer 26. 



[0033] In this example, it is made as [ supply / compared with substrate voltage Vsubl when not reading that 
signal electric charge from the substrate bias generating circuit 12 shown by drawing 2 to the N type silicon 
substrate 21 / low substrate voltage Vsub2 ] at the time of read-out of a signal electric charge. 



[0034] Next, operation at the time of read-out of the unit element child 50 used with the solid imaging device 
100 is explained. Drawing 5 is the figure showing the unit element child's 50 potential example used with the 
solid imaging device 100. 



[0035] In this example, when a boundary line L is defined in drawing 5, the right-hand side of that boundary 
line L is the potential of a substrate horizontal direction, and shows change of channel potential phiROG of 
the read-out gate 30. The right-hand side is the potential of the substrate depth direction, and shows change 
of overflow potential phiOFB of the HAD sensor 20. Any potential shows a thing with the deep (energy-rich) 
lower part with the shallow (energy is ) upper part. X1-X2 prolonged on right-hand side from the boundary line 
L -- N type of the HAD sensor 20 - a well -- the depth direction which goes to N type silicon substrate 21 from 
a layer 25 is defined. 



[0036] first -- if light enters into the window part 34 shown in drawing 4 -- N type -- a well -- the signal electric 
charge 10 is accumulated into a layer 25. P type shown in drawing 5 at this time -- a well - the signal electric 
charge 10 which overflow potential phiOFB of the layer 22 had upheaved and was generated in the field 
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shallower than that maximum point -- N type -- a well - it rolls at the minimum point of accumulation potential 
phis of a layer 25, and is fallen and accumulated in it. 



[0037] this N type - a well -- in reading the signal electric charge 10 accumulated in the layer 25 to 
perpendicular CCD40, it impresses a read-out enabling signal phiSG= "H" (yes) level to the read-out gate 30. 
that is, -- if read-out enabling signal phiSG of the "H" level reads and it is impressed by a gate 30 -- channel 
potential phiROG -- N type of the HAD sensor 20 - a well - becoming deeper than accumulation potential 
phis of a layer 25, and being opened by what is called channel The signal electric charge 10 is read to 
perpendicular CCD40 by this channel opening. [ supply the substrate voltage Vsub to N type silicon substrate 
21 so that it may read with overflow potential phiOFB and a relation with channel potential phiROG of a gate 
30 may maintain phi OFB>phi ROG at this time, but ] In this example, it is made as [ impress / compared with 
substrate voltage Vsubl when not reading the signal electric charge 10 from the HAD sensor 20 / low 
substrate voltage Vsub2 ]. 



[0038] therefore, N type of the HAD sensor 20 which is carrying out capacitive coupling to N type silicon 
substrate 21 -- a well -- while accumulation potential phis of a layer 25 becomes shallow, the difference of this 
accumulation potential phis and the maximum point of overflow potential phiOFB decreases, as a result, N 
type - a well - a part of signal electric charge 10 accumulated in the layer 25 can be missed to N type silicon 
substrate 21. When the fringing electric field between the HAD sensor 20 and perpendicular CCD40 becomes 
high with this, the signal electric charge 10 read from the HAD sensor 20 to perpendicular CCD40 can be 
lessened. By reduction of this signal electric charge 10, ************ can do low read-out voltage of the signal 
electric charge 10 transmitted by perpendicular CCD40. 



[0039] In addition, the signal electric charge 10 read to perpendicular CCD40 is transmitted in the direction 
which carries out perpendicular to space by making the transmission electrode of the perpendicular CCD40 
into a middle potential phiSG= "M" (MIDDO) level, or making it into a potential phiSG= "L" (low) level lower 
than it. And the signal electric charge 10 results in the electric charge primary detecting element 14 through 
the level CCD section 13, after being accumulated in the electric charge accumulation part A1 shown in 
drawing 1, after being amplified with amplifier 15, serves as the analog image pick-up signal Sout, and is 
outputted from the output terminal 16. 

[0040] Moreover, while the signal electric charge 10 is transmitted by perpendicular CCD40, substrate voltage 
Vsubl of origin is impressed to N type silicon substrate 21 by the substrate bias generating circuit 12. the 
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signal electric charge 10 on the other hand, photoelectrical conversion of the following picture is carried out by 
the HAD sensor 20, and according to this -- N type ~ a well ~ it is accumulated in a layer 25. Since substrate 
voltage Vsubl is supplied to N type silicon substrate 21 at this time, ****** can do more deeply than HAD 
sensor 20 overflow potential phiOFB channel potential phiROG of the read-out gate 30 of a perpendicular 
transmission state. Therefore, it is always made as [ maintain / the relation of phi OFB>phi ROG ], and it is 
avoided that the signal electric charge 10 under accumulation mixes in perpendicular CCD40. 



[0041] Thus, according to this example, when reading the signal electric charge 10 from the HAD sensor 20 to 
perpendicular CCD40, compared with substrate voltage Vsubl when not reading the signal electric charge 
10, low substrate voltage Vsub2 are impressed to N type silicon substrate 21 from the substrate bias 
generating circuit 12. 



[0042] Therefore, since a part of signal electric charge 10 read from each HAD sensor 20 to perpendicular 
CCD40 can be missed to the N type silicon substrate 21 side, the read-out voltage by the signal electric 
charge 10 can be reduced. 



[0043] It becomes possible to attain low-voltage-ization of the substrate voltage Vsub to the grade which can 
secure minimum read-out voltage required for transmission of the signal electric charge 10 by this. The power 
consumption of the solid imaging device 100 concerned can be reduced because the read-out voltage from 
the HAD sensor 20 falls. 

[0044] Moreover, the drive voltage of the circumference circuit connected to the solid imaging device 100 
concerned can be dropped because the read-out voltage from the HAD sensor 20 falls. Therefore, power 
consumption, such as a video camera carrying the solid imaging device 100 concerned, can also be reduced. 

[0045] Furthermore, the signal electric charge 10 can be transmitted perpendicularly and horizontally, without 
generating what is called blooming because the read-out voltage from the HAD sensor 20 falls. Therefore, 
expansion of the amount of saturation signals of the HAD sensor 20 is achieved, and a unit pixel can be 
further miniaturized in the equivalent image pick-up characteristic. Thereby compared with the solid imaging 
device of the conventional method with the acceptance surface of the same size, many pixel-ization can be 
attained. Although this example explained the case where substrate voltage was dropped from Vsubl to 
Vsub2 immediately after read-out enabling signal phiSG's having read and impressing by a gate 30, it is not 
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restricted to this. 



[0046] For example, since image pick-up field (1) is beforehand shaded when a mechanical shutter etc. is 
used and the signal electric charge 10 is read from the HAD sensor 20, it may precede with read-out of the 
signal electric charge 10, and substrate voltage may be dropped from Vsubl to Vsub2. The same effect is 
acquired by this. Of course, you may drive the substrate voltage Vsub to time sharing with three values (at the 
time [ At the time of read-out time of /accumulation/sweeping. ] of **). 

[0047] Although the form of this operation explained the case of the solid imaging device of a frame interline 
transfer method, it cannot be overemphasized that it is not restricted to this and can apply also to the solid 
imaging device of a frame transfer method or an interline transfer method. 

[0048] 

[Effect of the Invention] As explained above, when reading a signal electric charge from a photoelectrical 
conversion element to an electric charge transmission part, according to this invention, the voltage feed 
section which impresses low voltage to a semiconductor board compared with the voltage for the substrate 
bias when not reading that signal electric charge is prepared. 

[0049] By this composition, the read-out voltage by the signal electric charge read from each photoelectrical 
conversion element to an electric charge transmission part can be reduced. Therefore, the power 
consumption of the solid imaging device concerned can be reduced because the read-out voltage at the time 
of signal electric charge read-out falls. 

[0050] Moreover, the drive voltage of the circumference circuit of the solid imaging device concerned can be 
dropped because the read-out voltage at the time of signal electric charge read-out falls. Therefore, the power 
consumption in the circumference circuit can also be reduced. 

[0051] Furthermore, the signal electric charge can be transmitted perpendicularly and horizontally, without 
being accompanied what is called by blooming, since the voltage for substrate bias is returned at the time of 
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electric charge transmission. Therefore, expansion of the amount of saturation signals of a photoelectrical 
conversion element is achieved, and a unit pixel can be further miniaturized in the equivalent image pick-up 
characteristic. Thereby compared with the conventional method, many pixel-ization of a solid imaging device 
can be attained. 



[0052] This invention is applied to CCD imaging devices which have arranged two or more photoelectrical 
conversion elements in the shape of two dimensions, such as a frame transfer method, an interline transfer 
method, and a frame interline transfer method, and is very suitable. 

[Brief Description of the Drawings] 



[Drawing 1] It is the block diagram showing the example of composition of the solid imaging device 100 as an 
embodiment. 



[Drawing 2] It is the circuit diagram showing the example of an internal configuration of the substrate bias 
generating circuit 12. 

[Drawing 3] It is the timing chart which shows the example of the substrate bias generating circuit 12 of 
operation. 

[Drawing 4] It is the sectional view showing the constructional example of the unit element child 50 who 
consists of HAD sensor [ as a work example ] 20, read-out gate 30, and perpendicular CCD40. 



[Drawing 5] It is the figure showing the unit element child's 50 potential example. 



[Drawing 6] It is the circuit diagram showing the example of composition of the substrate bias generating 
circuit 1 of the conventional method. 
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[Explanations of letters or numerals] 11 ... A semiconductor board, 12 ... A substrate bias generating circuit, 
13 ... Level CCD section (electric charge transmission part), 14 ... An electric charge primary detecting 
element, 15 ... Amplifier, R1, R2, R3 ... Resistance, Tr ... A transistor, 20, D11-D1m, D11-Dn1 ... HAD sensor 
(photoelectrical conversion element), 21 ... N type silicon substrate, and 22 and 23 ... P type -- a well -- A 
layer, and 24 and 25 ... N type -- a well -- a layer - 26 ... A P+ type impurity diffused layer, 27, 28 ... Channel 
stopper layer, 29, 32 [ ... A window part, 30 / ... A read-out gate, 40, V1 - Vn / ... The perpendicular CCD 
section, 100 / ... Solid imaging device ] ... A silicon oxide film, 31 ... A polysilicon film, 33 ... An aluminum film, 
34 



[Translation done.] 
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ftT v *s . y u 3 y@g« 3 2 ±«±&}S? o >/ 
?{m%mm^mmzmmzti&tmz. mmt t 
t s -^ai 3 3 immzmstix 

^i. t^5-^a]13 3{±. yyay^bH3 2±T- 
h a d -t y-t?- 2 o (T>?m 3 4 t & h Wi \zwms tiX 

mtmm 2 e exit s . 
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[0033] zomxu. m^rVM^m-iULmz. m 

2TSLfc£fRA>f Tm^m% l 2i^NS«y >J 3 
HffiVsub 1 tit^-CfiV«SE^£EVsub2 =fc 

[ 0 0 3 4 ] ifct. mmmmw. 1 0 0 t-ffiffl-r 

ffigBl 0 OT'ffiffl-f 5 O^fVytWI 

10 [0035] r coMXU „ H 5 # L ££jt Lfc 

t # t . i«n cott«i»j<^^*Ty y 

^•fyy^/K-fc^ HAD-fey-tf2 0^^-A-7 
n-^-ryy-r^OoFB^-ftSr^LTV^o U-?iicr> 
#f>-y^/^±^l< (x^^-^fJK ) TSB* S 

ilJt@?>*£ Xl-X2tiHAD-fey-tf20W NM^x/1- 
*2 5A»feN®i/U3>'*8t2 1fc|6F3&»-3a3*|6l*S 
20 *Urfc0VC*4. 

[ 0 0 3 6 ] ft. 134 t^JgiJ 3 4 t3t**AI*SfL 
*> f: , NS^x;H 2 5 1 0 **Wt§n 

S. H5^'tPS'>x/l.Ji2 2«^-^- 

^o-^ry^^oFBj&MtTfeO. *^flE^jS 

J: d «,a^««re^ t^ii-f-ms 1 o ^'ni^x;h 

2 5^#»^ry^^;bf scoff/jNjStls** "5»%"C# 

[0037] itfONM^x/WJf 2 5H*MSfLfcfi#« 
ffi 1 0 SrSitC C D 4 0 tK^tti-t^tti , M^-tti t 
30 h 3 0 liZMfriti L¥f*HM J $<t> S G = r h j (^W ) 
U^imatl .-ofO. r H j K;y^M^til Lit 

s GimktSLy- h 3 o tfflnis^s t , f- 

y ^4 *fy/t ;ko E oG*y HAD-fey-tf2 o«ni 
-ry t i o T . Site c d 4 o iziS^VM l 0 ^'S?^ 

40 y*K2 1fc*KWEVsub£ffii|&'t6#, ,I^JT(± 
HAD-feyif2 0*^ff^m?fffl 0&|g^ai§'5:V^ 
WiltEVsub 1 fcjt^T ffil ^«m)± Vsub 2 £ Epja 

[0038] i^t, N§yyynyas2 1 t^gfe^ 

LTV^HAD-fey-9-2 0(7)NM'7X;kJi2 5«#«^ 

fyyt;n»s4«<55tftc, rroat^fyy^ 

s t j[—r<.-7 n-7r^>i/ ^ )V<&wise)W\&± 
<%h. Z\cr>m%. NM^x;Wf2 5t^« 
§tL^ft-^«ftl 0fl^Nlyij3yM2 1N8 
50 ^-f-ifc^T-^-So iilfc^t, HAD-fey-^-2 OfcS 
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ttc c d 4 o t <nW)y v>i?>ym%-tfm< 

£±"5, HAD*>^20a>£)gfiCCD40'M£#tfl 

i o i o . sac c d 4 o 

[ 0 0 3 9 ] £fc . SEC C D 4 0 £f5t^ai§tL3tfi-^ 
€#1 0(4, ^«SECCD4 0<7)fol€ffi£4'ig«{i 

0SG= tmj ( s 7 F ) i^/Kc bit 0 - Ziii. 0 
fi^tfi^SG= r L j (o-) l^/Wd'tS.rtti: 

mm i o (±a i {z^LtznmmA i &tt#«§ 

ftfc&fc. *¥CCD|B13S3i->Tm#«jaiSK14t: 

SoutfcfcoTifcfJffi?- 1 6*^ifJ:&£*l&. 
[0040] St, ff^m#l 0#Si6CCD40T1£ 
SMSft-O^fSti, »^7Xftt0g£l 2\,Z^X 
TC^SSflffiVsub 1 jfpNSS' U r? yX^2 1 tCffiDnS 

$3*1, Sff^Uffil 0^"NM^x;l/Ji2 5t 

iWfcSti, £8«EVsubl#NMv'J 

b b 3 0 Of -Y >- y-WPOitoG * H A 

0 3j--A"-7n-#7 i yv-A'/H>oFB J: 0 i> 
f£~>T. fSfc, <J>ofb>Oro<3<9|» 

c D 4 0 fcilA-f & 1 t A*iBft ^itS . 

[0 04 1 ] ZCDidlzLX^MtmtizMf, HAD 
0K1ICCD4 O^vfi-ft^l OSrl^tfJ 

■ft & t:, ^m^VM i o sriK»ajs*v^o*R 

mEVsub 1 tJt^Tffil ^SS«E Vsub 2 j&SHE^ 7 

[0042] ftiT. #^<7)HAD-tyif2 0>6^SlI 
CCD 4 O^M^ft^ix-Mt-f-mm 0«-g|52rNMy 

y n yss 2 1 intact-- 1 *s-c§ 5 cox\ zcom^r 

h. 

[0043] ZtlliZk*)^ imWM 1 0 Ofijifcs&SS: 

ftfins^is*ajbmBE*5i«-c#smKt, skwev 

2 0 fe^^ffi '.^H/> ZtX\ 

i o o <offM7^ffi«£^& ; t s . 

[0 044] ifc, HAD-fey-9-2 0^A,^M^ttib€ 
E^'T^'S £ t T\ SMIIftjifiSS 1 0 0 fcSSSfi. 
SJf iSMc«»ltE£T(f 5 £ t iPCZ i-)T> 
SISEftjf flggg 1 0 0 SMLitbT^^ 7* to 

[004 5] mz. HADtVt2 o^oM&tBbi: 



(6) ^2000-22 1 26 

1 0 

tft< . ^Xi^ttff 1 0 -rffit ■ *^[BJ(C|E^-tS 
it^'tlS. fct, HAD-fey^2 0^taftff^S 

ffl * 3f b ftsfefin**) ElftjffiUS Wb^T ^B«lb £ 
H§ £ 1 h . i OMT(4lre^ffi bf^ff ^ ^SG 
A^iBL^*- h 3 0 fcfflraSftfcK&fcSlgmEEfc V 
subl 3&^Vsub2^.T(f^*Il^(^V^TfMBJ!b/t*\ i 

10 [0046] Witf. *A-Allis^v?%:£$:mmi 

tzm^ztsux, %ffmAD j ey*r2 0frt>\mnMi 
immMi o?m&&uz9tftLx, mumE* 

Vsub 1 frt> Vsub 2 ^TffT t> i V \ iix(=J:oT{>, 

H*=a^6ft**»^»^i. . *> 6 ^ . vsub & 3 
[0047] jfm&mmx'{±7v~i>.4 > z-^-o 

20 zinzmt>iiz>ztli%<. yu-^hyyxy 

m\z «» jgfflt# * i t til a *t <>*^. 

[ 0 U 4 8 ] 

*ffltf>*jEt=jt*"cffi ^«j± * ^^*»«(= enjnt t m 
[0049] zcommzx^x, &*nmMmm?fr 

30 ^m^ftejIgP^M^tiJ§ni»fi-^«mcJ:l>M^ffibm 

[ o o 5 o ] tti. immmyimm^imm^T 
Tifhzt^x^i. m^x. zffMvmnxffnmn 
[0051] jet. m^fisjMBtt(4»^ rxffl^m 

40 t . ^{f^-«7f ■ - 1 

M«^B«ft^HS i t A*r # 1= . 

[0052] ^(nm&imimM^m^-dam. 

{zSMltzyu-Ahyyxyrlf^. -fy?-yjy 
Yyyxyr^mfyv-^y9-yAyVyyx 

y TTT^ toe c d m&mmz m% ixm^xumx- 
so immmmmwi 
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mi ] mmmmt izcommmmwAo om&m 

[03 ] *ffW8L>MTz%&5m\ 2<nmm*5&t 

[H4 ] mmmt LTcoHAD-ty-f 2 0, m^mLv 
- b 3 0 Rttmm c c d 4 0 & s 5 0 com 

[05] *<m-&%?5 0n#T>i' J rtlW : £&tm~C 10 
[06 ] f£*^«»^ rxm.m 1 fitfMW* 
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1 1 ■ ■ ■ 4^»#cSS. 1 2 ■ ■ ■ SRA>f TX|g4l0 

», 1 3 ■ ■ -^ccds (MMmm) . 14 ■ ■ 

• M&ffiSS, 1 5 ■ ■ ■ 7>T, Rl , R2, R3 ■ 

■ ■ ffifiu Tr ■ ■ ■ h7yyX?, 20, D 1 1~~D 
lm, Dl 1-Dnl ■ ■ ■ HAD^y^f (3t^fii« 

f) , 21 ■ ■ ■ NM^-y^yss, 22, 23 ■ ■ ■ 

PI^X/H S 24, 25 ■ ■ ■ NS^X;W1. 2 6 ■ 

■ ■ p*m.cr>mmm^m. 21, 28 ■ ■ -^^v 
29, 3 2- ■ ■ i-'j^ymitm, 3 1 ■ 

■ ■jffJS/'JsyJR, 33- ■ ■ 7/1^5 x<?A$L 3 4 

■ ■ -Sgll. 30 ■ ■ ■^EfJL^-K 4 0, VI- 

vn ■ ■ ■ iiccDi, 1 0 0 ■ ■ ■ hh. mmw 



[HI] 

1 00 

1 1 : 




1 3 : *¥CCD 



Dl l~~Dlm,Dl l~Dnl : HAD-fey* 
A 1 ~An : 

Vl~Vn: SEC CD 

1 2 :S^W7Z351B(S 



[02] 



1. 



[03] 




10/2/2008, EAST Version: 2.3.0.3 



(8) 



^2000-22 1 26 




40 30 20 



me: 




[fima]«io^9^ia (1998. 9. n 
mw/mms^] 0009 

[0009] *mi£.£ttit£. jcmsmmtt^wm; 



Steffi L€ffi&*T#5 - 1 1\ 3IS@#cfI«SM«ift 

MlEWIg^] 0 0 19 
[MESS;] ^Jg 
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[ooi9] nE^sra^ffifiiR imr2 vmmmm 

tlx, mm. mmBfflmwx>t>vsubizfr5^ 
ximmmmm LmnmmmEvsubtmm^tLi . 

[MTCTMS^] «l« 
MlBlicifg^] 0020 

imiExmi mi 

[0 0 2 0] dWffiSiR 3(±«*^5t^htt(tffifilR 0 
= lMfigKfcJfc^T, 1/10-1/100 ■ ■ ■ t 

mm <,iioK i o o k cmzx-hi . 

R 3 »«5i±fi« G N D tflgKS . £ OWtli . 

fp; <t> VsubtfTJj § fli b , h 5 >'y*X?T r ^ 

IW, 2£8£WEVsub£Tlf£ 
[^fiflff iE4 ] 
[fflGE^«H«] TOM 
[ffljE*f$JlB£] 002 1 

[ o o 2 1 ] mz, muu r-x&tunsi 2^ft-^« 

•y ?fl S Gc7VVl/Z.mmX"fo 0 , 113 Bfiffl^t 
EVsub?»0T"S> 0 . 03 CiiSt^ESW^x 
^Vsubc7)^°/^^SIT*4» £<75WC'li. ff&ttiL 

1 2 (C i o X . ¥WfrS« 1 1 tcffit&S ftfc 
a««EVsub^TH%iU ti0-C&4 5 icol^cOM^ 
ffiLy-nyy-ff-^-^SGiiHADlry^D 1 1 — D 1 
m, D 2 1— D 2 m ■ ■ ■ D n l-Dnra^f,ilCC 

ivxxhhv 

[«fffiiiE5] 
MIEMS«»£] «» 
MlEWfg^] 0023 

imttmi m 

MIEF*J§] 

[0 0 2 3] 03Afcjjrt*-f 5^87 

Steffi t/o -y ?m^4> S G#£fc±tf4 1 » ^iLh 
±# 0 ESfcH 3 c fcStt ? >f = y ?®xmMMKfflW 

±#6 . ;<0M€E»^x<£ Vsub^A^ Lfc h 



Bi&ictf4 s y/®T"a^«ss€Ev S ub 1 ± o t 
fi^ss«ffvsub2^»*s«i i tmanSiis i 

ot . mzm^mzx im^i&m 3 tsssjwt 

itO^JT'. H3Bt^SS€EVsubl . Vsub 2, V 

sub3ji, mm&GNVfrhvfmtwxmiiLXM . v s 

ub 2 < Vsub 1 < Vsub 3 iOMffit h h „ 
[»fIE6] 

[«iE^»^] mm 

[IBffllS*] 0 0 24 

[ 0 0 2 4 ] ff^«DlS^ttiLB#«i. 
flsfflgl 1 fc^Mf^LT^SHAD-feynfD 1 1-D 
lm, D2 1— D2m ■ ■ ■ Dn 1-Dnm(0*fyy 

-wi-i>a<&9, -e^M*, #««HADtyfD 1 1 

-Dim. D2 1— D 2m ■ ■ • Dn 1— D nmfc, S 

sc c Dgpv i -v n tcomcoy y yisyfWR-ff&K 

%&ZbttZ£ 0. HAD-ty-tfD 11-Dlm, D2 1 
~D2m- ■ ■ Dn l-DnmHilCCDSVl- 
V n/\^M^ai L«EE*ffl«EEfti-« ; b tfX'% h . 
[*K«E7] 

[ffllE^lIB^} 0 02 5 
[ «KS] 

[f«iE*t#<»a^] Bfl«s# 
m~mmm^ o 026 

[ilMl 

[0026] ( «fif^j ) 04 (±0#c» ftsg 1 0 0 xm 

fflt5 1-9OHADtyt2 0, l%^ttiLy— h 3 OS 
tfSittC C D 4 0 *^«l>*fi^ 5 0 COflKtW ^ 
HfffiHT'&S, i^jTIi, HAD-tyif2 o^fefS-^- 

±0, ^<7)HAD-fey^20^f-y^ J r^^ill (iS 
<-t&) S-^iSiafcLfcfc^-C**. t-^^, ft 

SSftt. S«€EVsub«fimEft&04t«T"fc 

So 

[«ie^«^] mm 
imiEfmmB^] 0035 

[MiETsffi] ^ 
[MiErtW] 

[003 5]; fOMTfi. 0 5 WzmmL *jSM Lfz 
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ffltEtffc X 1 - X 2 J±H A D -fe 2 0 CONS^X^ 
J12 5 3&^NS^U3ySS2 ltl*F3&>5»S*|ft|t£ 

[#S1E10] 

[ffiuEWIg^] 0 0 38 



[0038]«-jT. Niy'jayl«2 1 tWSS^ 

ac c d 4 o t <nm<n y y v wrm-im <m^t 



10/2/2008, EAST Version: 2.3.0.3 



